vessel is formed from tumor cells has been termed VM, and this term refers to the unique ability of aggressive tumor cells to express an endothelial phenotype and to form vessel-like networks in 3-D cultures. [1] [2] [3] [4] [5] [6] Research has shown that VM is closely associated with high tumor grade, increased degree of invasiveness, metastases, and shorter overall survival in patients. [7] [8] [9] However, the cellular and molecular events underlying VM are not well understood.
Cancer stem cells have characteristics associated with normal stem cells, specifically the ability to give rise to all cell types found in a particular cancer tissue. Recently, Yao et al 10 proposed the concept of CSC plasticity, whereby CSC may differentiate/transdifferentiate and form branching lumens and tubes to provide nutrition for tumor mass, resembling VM. A previous study from our laboratory showed that CSC potentially participated in the process of VM. 3 Differentiated cells can be reprogrammed to acquire pluripotency by transcription regulators such as Oct3/4, SOX2, Klf4, and c-Myc.
These regulators may play a role in HCC and contribute to the acquisition of stem cell-like properties in HCC. Recently, liver CSC were observed in c-Myc-driven tumors, suggesting a role for c-Myc in liver CSC development and maintenance. 11 In particular, our previous study showed that SOX2 functioned in the maintenance of CSC phenotype and VM formation induced by slug overexpression in HCC. 12, 13 Mammalian genome encodes numerous lncRNAs of more than 200 nucleotides in length that lack an open reading frame. 14 LncRNAs constitute a very heterogeneous group of RNA molecules that participate in a broad spectrum of molecular and cellular functions. [15] [16] [17] LncRNAs are deregulated in several human cancers, 18 and the mechanisms through which lncRNAs contribute to the regulatory networks that underpin cancer development are diverse. 19, 20 LncRNAs have been implicated in the development of human HCC 21 and dysregulation of many HCC-related lncRNAs has been identified. 22 In the present study, we explore the role of the lncRNA, n339260, in CSC development and VM formation of HCC to provide better understanding of the molecular mechanism in HCC-related lncRNAs.
| MATERIALS AND METHODS

| Cell culture and lentiviral transduction
Human liver cancer cell lines HepG2 cells (ATCC, Rockville, MD, USA) were cultured in DMEM supplemented with 10% FBS (Invitrogen, Carlsbad, CA, USA). Gene transfer was carried out using the pReceiver-M56 Expression Clone vector for cMyc and pReceiver-M03 Expression Clone vector for SOX2 overexpression (GeneCopoeia, Rockville, MD, USA) and psi-LVRH1GP vector (GeneCopoeia) was used for n339260 silencing in HepG2-c-Myc/SOX2 overexpressing cells. The shRNA target sequence for n339260 was 5′-gaaatgattctggcctaccct-3′. The pReceiver-Lv105R vector was used for n339260 overexpression. Lentivirus was produced by transient transfection of 293T cells with plasmids.
| Wound-healing assay
Cells were implanted into 6-well plates for 70%-90% confluence, and then a sterilized tip was used to draw a line with the same width on the bottom of the dishes. The medium in the plates was replaced with 1% FBS medium, and the cells were cultured for 48 hours.
Images were captured at 0, 24 and 48 hours after the wounding.
Experiments were carried out in three replicates.
| Cell migration and invasion assays
Cell migration and invasion assays were carried out using Transwell cell culture inserts (Invitrogen). Transwell chambers were coated with
Matrigel for invasion assays. The cells were allowed to migrate for 24-72 hours. The passed cells were stained with crystal violet solution and counted using 40× objective. Each experiment was carried out in triplicate.
| Three-dimensional cell culture
The assay was carried out according to previous literature. 
| Immunofluorescence
Cells on the coverslips were fixed in absolute methanol at −20°C for 20 minutes, blocked in 5% normal goat serum, and incubated with primary antibody against the protein VE-cadherin (1:100; Abcam, Cambridge, UK), followed by secondary antibody conjugated with Alexa 568 (Molecular Probes, Eugene, OR, USA). After immunolabeling, cells were washed, stained with DAPI (Sigma, St Louis, MO, USA), mounted, and then viewed and captured with fluorescent microscopy (Nikon).
| RNA fluorescence in situ hybridization
Stellaris RNA FISH Probes (Biosearch Technologies Inc., Petaluma, CA, USA) for n339260 and VE-cadherin mRNA were used in the following way. Frozen tissue sections were fixed in 95% ethanol for 6 minutes.
FFPE tissue was deparaffinized by immersion in 100% xylene for 10 minutes followed by 100% ethanol for 10 minutes and wash buffer for 2-5 minutes. Hybridization buffer containing the appropriate FISH probe was added to the slide at a volume of 100 μL. A clean 18-mm square coverglass was placed over the hybridization solution to allow for even distribution of the hybridization solution. The slide was then placed in a humidified chamber, covered, and sealed where it was allowed to incubate in the dark at 37°C for at least 4-16 hours. Tissue sections were stained with DAPI (Sigma), mounted, and then examined using confocal scanning laser microscopy. 
| Western blot analysis
| Spheroid formation in 3-D culture
Cells were seeded at 1 × 10 5 into 6-well, ultra-low adherent plates covered with poly 2-hydroxyethyl methacrylate (Sigma). Each well also contained 2 mL serum-free suspension medium or DMEM/F12
(1:1; Gibco, Gaithersburg, NJ, USA) supplemented with 2% B27
(Gibco), 0.5% epidermal growth factor (EGF; Pepro Tech, Rocky Hill, NJ, USA), and 0.5% basic fibroblast growth factor (bFGF; Pepro Tech). Cell growth was observed daily under an inverted microscope.
| Animal model and xenografting
Care of all laboratory animals followed guidelines established by Tian- 
| Immunohistochemistry
Information on the staining methods may be found in the literature. [1] [2] [3] Tissue sections (5 μm) were deparaffinized and hydrated using standard procedures. Heat-induced antigen retrieval with citrate buffer pH 6 or Tris-EDTA pH 9 was done. 
| Microarray analysis and quantitative real-time PCR
Samples were sent to Oebiotech (Shanghai, China) for microarray analysis and quantitative real-time PCR (qRT-PCR).
| Statistical analysis
Data analysis was carried out with SPSS16.0 software (IBM). All Pvalues were two-sided, and statistical significance was measured at the .05 level.
| RESULTS
| Coexpression of c-Myc and SOX-2 was associated with increased cell invasion, migration, and formation of VM in vitro
Wound healing, invasion, and migration were analyzed after ectopic expression of SOX-2 and c-Myc, as confirmed by western blot (Figure 1A) . In wound-healing assays ( Figure 1B ), a quantitative analysis suggested a significant difference in the speed of wound healing between the c-Myc, SOX2 and the control empty vector groups.
Importantly, c-Myc and SOX2 cotransfected cells displayed the fastest speed of wound healing. In the migration and invasion assays, the increased migration and invasion ability was most remarkable in the c-Myc-and SOX2-cotransfected cells ( Figure 1C ). 
| c-Myc and SOX2 expression promote vascular mimicry in vivo
We developed a xenograft model using the following 4 cell lines:
HepG2, HepG2-c-Myc, HepG2-SOX2, and HCS, and these cell lines were each inoculated s.c. into 10 nude mice. Xenografts in HepG2-c- Immunohistochemistry confirmed elevated expression of c-Myc and SOX2 in the HCS xenografts ( Figure 2D ) and, importantly, protein levels of Nanog and CD133 were increased following c-Myc and SOX2 upregulation in vivo ( Figure 2D ). Consistent with VM in HCS xenografts, VE-cadherin also showed positive expression. These results indicate that c-Myc and SOX2 upregulation is associated with VM formation and CSC phenotype development in vivo.
| Molecular profiling of HCS cells and control
HepG2 cells
Affymetrix GeneChip HTA 2.0 (Affymetrix Inc., Santa Clara, CA, USA) was used to compare global genome expression in HCS compared to HepG2 cells. This analysis identified 2326 genes that were differentially expressed following c-Myc and SOX2 upregulation, which included 1813 upregulated genes and 513 downregulated genes ( Figure S1 ; Table S1 ).
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and gene ontology (GO) biological process showed that the most represented category was the TGF-β signaling pathway, cell cycle, gene expression, DNA repair, mitotic cell cycle, transcription from RNA polymerase II promoter, chromatin modification ( Figure 3A) etc.
Expectantly, c-Myc/SOX2 upregulation targets were enriched with cancer-related functions such as the TGF-β signaling pathway (Table S2 ) which played an essential role for the maintenance of CSC, and the mitotic cell cycle (Table S3) Figure 3B ; Table S2 ) and mitotic cell cycle ( Figure 3C ; Table S3 ) were functionally connected into well-linked interaction networks. Such functional connection was not surprising, suggesting that c-Myc/SOX2 upregulation had the potential to promote cancer cell proliferation. Importantly, the enrichment of TGF-β signaling molecules suggested that c-Myc/SOX2 upregulation could promote CSC development. We also arbitrarily selected 5 genes in the TGF-β signaling pathway and mitotic cell cycle for qRT-PCR validation. Relative changes of selected genes obtained from qRT-PCR were highly correlated to those observed by microarray data (Figure 3D ,E; Tables   S2 and S3 ). Meanwhile, qRT-PCR showed that VE-cadherin mRNA was elevated in HCS cell lines compared with HepG2-empty vector ( Figure 3F ). (Table S1) .
LncRNAs had been shown to play a critical role in twist-induced EMT and LncRNA-Hh strengthened CSC generation associated with twist-induced EMT. 24 Other lncRNAs such as LncTCF7, lncRNA H19, LncRNA-hPVT1, and HOTAIR had been noted to be responsible for acquisition of stem cell-like properties in HCC cells and contributed to promote liver CSC growth. 25 Our previous study showed that CSC were associated with VM formation and VE-cadherin expression as a result of their plasticity and transdifferentiation ability. Therefore, we focused on noncoding RNA to show their role in CSC phenotype development and VM formation. Based on GeneChip data, noncoding RNA n346018, n377754, n384393, LOC100268168, XLOC_009777, n339260, n333444, and n383953 were selected for E, Survival analysis indicates that patients with n339260 positivity in HCC were significantly associated with poor overall survival. Censored means that the individual was out of touch or alive during the follow-up period in either n339260-positive or -negative cases regardless of vascular endothelial cell staining. In this study, VE-cadherin expression was found to be positive in 62 (25.9%) of 239 HCC tissue samples ( Figure 5B ). VE-cadherin positively correlated with VM formation (r = 0.882, P < .001). Importantly VE-cadherin expression was positively associated with n339260 expression (r = 0.666, P < .001) ( Figure 5D ) ( Table 1) .
By fluorescence microscopy, there was marked colocalization of the spatial overlap between n339260 expression and VE-cadherin mRNA ( Figure 4B ).
| Expression of n339260 is associated with metastasis and shorter overall survival in HCC patients
Within the patient cohort, 81 cases were associated with metastasis, whereas 158 were nonmetastatic (Table 1) 
| MicroRNA profile of n339260 in HCC cells
To predict the microRNAs (miRNAs) regulated by n339260 in HCC cells, we used Affymetrix miRNA Chip 4.0 (Affymetrix Inc.) to assess miRNAs expression in HepG2-empty vector, HepG2 n339260 (Table S4) , HCS siVector and HCS sin339260 cells (Table S5 ). Our analysis identified 50 miRNAs that were differentially expressed following n339260 upregulation in HepG2 cells, which included 12 upregulated miRNAs and 38 downregulated miRNAs. Twenty-eight miRNAs were found to be differentially expressed following n339260 downregulation in HCS cells, which included 18 upregulated miRNAs and 10 downregulated miRNAs.
AnnoLnc is a web server to provide on-the-fly analysis for novel human lncRNAs, and we used AnnoLnc as the tool to identify the miRNAs regulated by n339260 based on the miRNA profiles in HepG2-empty vector, HepG2 n339260, HCS siVector and HCS sin339260 cells. miR-31-3p, miR-30e-5p, miR-519c-5p, miR-520c-5p, miR-29b-1-5p, and miR-92a-1-5p that were abnormally expressed in our study were identified as downstream miRNAs regulated by n339260 ( Figure 6D ,E).
| DISCUSSION
In the present study, c-Myc and SOX2 coexpression induced ele- Recently, the influence of lncRNAs on miRNA function has been rapidly emerging. These miRNA-lncRNA interactions modulate gene expression patterns that drive major cellular processes. [28] [29] [30] In this study, miR-31-3p, miR-30e-5p, miR-519c-5p, miR-520c-5p, miR-29b-1-5p, and miR-92a-1-5p were identified as the downstream miRNAs regulated by n339260. Considering that miR-31-3p, miR-30e-5p, miR-520c-5p, miR-519c-5p, and miR-29b-1-5p expression increased/decreased following lncRNA n339260 upregulation/downregulation, we speculated that n339260 were processed to yield these miRNAs, or n339260 could serve as a key regulatory factor to modulate other RNAs that were processed to yield these miRNAs. Interestingly, miR-92a-1-5p expression increased following n339260 knockdown in HCS cells, suggesting that n339260 might function as a miRNA sponge and repress miR-92a-1-5p
expression. miR-31-3p seems to be a new metastatic cancer biomarker, and its expression level allows for the identification of patients with wild-type KRAS who are more likely to respond to anti-epidermal growth factor receptor (EGFR) therapy than nonwild-type KRAS patients for colon cancer. 31 miR-30-5p functions as a tumor suppressor and novel therapeutic tool by targeting the oncogenic Wnt/β-catenin/BCL9 pathway. 32 Serum miR-519c-5p can predict disease risk in prostate cancer patients. 33 miR-520c promotes breast cancer cell invasion and metastasis by suppression of CD44. 34 miR-29b-1-5p could be regulated by hypoxia in cancer cells. 35 Downregulation of miR-92a is associated with aggressive breast cancer features. 36 Specifically, among these identified miRNAs, miR-29b-1-5p could upregulate Akt-dependent nuclear factor kappa B (NF-κB) signaling leading to activation of MMP2 and MMP9, 37 which had been found to play key roles in VM formation of HCC in our previous study. 1,2 Collectively, our study suggested that the miRNAs regulated by n339260 were cancerrelated miRNAs that might be involved in HCC aggressiveness.
In summary, the present study showed that n339260 promoted VM in HCC by the induction of CSC-like phenotype. VM represent an important survival mechanism contributing to the failure of currently available angiogenesis inhibitors. The results of our study suggest that the molecular target of n339260 might act on a specific CSC subpopulation, offering a tempting new therapeutic perspective for HCC. 
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